How about t quark introduced by Kobayashi and Maskawa ?
In 80's t quark was regarded to be not so heavy, . The formula by Gaillard-Lee , using the approximation , still seems to give reasonable results for FCNC.
However, Takeo Inami (Chuo Univ.) and C.S. L. published a paper ("Effects of Superheavy Quarks and Leptons in Low-Energy Weak Processes and " , Prog. Theor. Phys. 65 ('81) 297).
In contrast to the common sense, we assumed the presence of "arbitrarily" heavy (but not so heavy as to spoil perturbation) intermediate quarks and leptons (t, t', L). We derived several functions describing the quantum effects of these heavy fermions to the FCNC processes, without invoking to the approximation .
A strong theoretical motivation We were interested in the possible non-decoupling effects of heavy fermions, anticipated from the large Yukawa couplings of heavy fermions in the theories with spontaneous symmetry breaking (SSB) .
(Purpose) : to make clear whether the quantum effects due to the heavy fermions really give some non-decoupling effects or not.
Eventually, it turned out → We were lucky. Each diagram has ξ -dependence, but the final result should be ξ-independent. A good check of calculation.
In this gauge, the (would-be) Nambu-Goldstone boson has Yukawa couplings, which are proportional to masses of intermediate heavy fermions → the possibility of non-decoupling effects of heavy fermions
The ξ -dependence appearing in the FCNC Z-vertex gave ξ-dependent 4 fermi effective lagrangian with vector-like coupling of charged lepton:
The problem seemed to be solved by adding "QEDpenguin" diagram, though the penguin diagram has no contribution to the decay processes . I asked Prof. Fujikawa his advise and he recommended me to calculate the vertex as well.
The calculated vertex was later used in the analysis of FCNC radiative decays, e.g. We greatly appreciate the useful advice.
Attempts to estimate m t
Is it possible to estimate m t by comparing with the data on the FCNC processes ?
A.J. Buras attempted to estimate m t ("An Upper Bound on the Top Quark Mass from Rare Processes", Phys. Rev. Lett. 46('81) 1354) Because of large uncertainty of mixing angles, CP phase at that time made the estimation difficult. We thank Prof. Buras very much for bringing public attention to our work.
Non-decoupling effects due to heavy fermions
There is a ``decoupling theorem" (T. Appelquist and J. Carazzone ('75)), saying that the effects of heavy (unknown) particles are suppressed by the inverse powers of their large masses. @ tree level An example: see-saw mechanism" (Gell-Mann, Ramond & Slansky, T. Yanagida)： The Majorana mass term for the left-handed neutrino does not exist as a renormalizable operator in the theory and is described in terms of gauge invariant operator with higher mass dimension (> 4), : reflects the scale of unknown new physics (NP) → decoupling @ quantum level The decoupling is not so trivial , as the energy of intermediate states can be large. In fact, in QED assumed heavy lepton with mass M does contribute to the renormalization factor, as
After the renormalization, all remaining observables (described by operators with higher mass dimensions) are suppressed by the powers of 1/M In gauge theories with spontaneous symmetry breaking (SSB), however, the situation can be quite different. The large masses of heavy particles are provided not by some New Physics (NP) mass scale M, but from the weak scale M W itself, or the VEV of Higgs.
： no suppression like 1/M Since every masses come form the VEV, heavy means "strong" Yukawa coupling. → We can expect some non-decoupling effects
In fact, in our work ('81), we found non-decoupling effects of heavy fermion, say t quark, in FCNC processes, growing as 
CP violation in the Kobayashi-Maskawa model and the nondecoupling effects
In the Kobayashi-Maskawa (KM) model, CP violation is accompanied by the breaking of flavor symmetry. Namely, if there is mass degeneracy between different generations, CP violation is known to disappear even for non-vanishing CP phase. Intuitively, in this case the number of generations is effectively reduced from 3 to 2.
→ CP violating observables are induced through FCNC processes
To get CP violation in the KM model, all of three generations have to participate. In fact, in the neutral kaon system CP violating observable is dominated by the non-decoupling effect due to t quark :
